Abstract. Four derivatives of 1,5,6,7-tetrahydro-4H-indazol-4-one have been synthesized and computational studies on the tautomeric forms at different levels, from semiempirical AM1, ab initio Hartree-Fock HF/6-31G* and HF/6-31G** to density functional calculations B3LYP/6-31G** were carried out. They allowed to establish the most stable form in all cases. The results are in agreement with the experimental data.
Introduction
Annular tautomerism of pyrazole and indazole derivatives has been deeply investigated both theoretically and experimentally. 1, 2 A theoretical estimation of the annular tautomerism of 52 NH-indazoles concluded 3 that although in most cases the 1H-tautomer is the most stable, in some indazoles, the 2H-tautomer was more stable than the 1H. Recently we approached the study of the tautomerism of tetrahydroindazoles, also known as tetramethylenepyrazoles, bearing a trifluromethyl group at position 3 and found that in all cases they are 1H-3-CF 3 tautomers. 4 We present here our studies on the tautomerism of a more complex case, the 1,5,6,7-tetrahydro-4H-indazol-4-ones, in which three tautomeric forms have been considered (Scheme 1 
Results and Discussion
All calculations have been carried out using the Spartan '02 Linux/Unix software working on a Silicon Graphics Octane Workstation.
5
The results of the calculations at semi-empirical AM1 level are gathered in Table 1 . The corresponding ab initio energies based on geometries optimized at the HF/6-31G* and HF/6-31G** levels are shown in Tables 2 and 3 . Finally, the values obtained at the density functional B3LYP/6-31G** level are reported in Table 4 . An analysis of the data reported in Tables 1-4 shows that, according to the semiempirical AM1 and the DFT B3LYP/6-31G** methods, the tautomer 2H is the most stable one in all cases, followed by the 1H Ab initio Hartree-Fock gives rise to different stabilities order, 1H>2H>OH in 1,5,6,7-tetrahydro-4H-indazol-4-one (1) and 6,6-dimethyl-1,5,6,7-tetrahydro-4H-indazol-4-one (2) and 2H>1H>OH in 3-methyl-1,5,6,7-tetrahydro-4H-indazol-4-one (3) and 3,6,6-trimethyl-1,5,6,7-tetrahydro-4H-indazol-4-one (4). However the energy differences between 1H and 2H tautomers are very small in all cases with an average value of 1 kJ mol -1 .
All theoretical methods predict tautomer 4-hydroxy as the most unfavorable one, the explanation being the loss of the aromaticity of the pyrazole ring. 6 These results are in agreement with the experimental data obtained by multinuclear magnetic resonance in solution and in solid state for all compounds. 7 We reproduce here the ). Besides, the dipole moment should favour the 1H-tautomer in DMSO solution explaining why the difference is so small.
